The acid content of a wine is of importance from the standpoint of flavour and, indirectly, by its effects on pH, colour, stability, and shelflife of the product. The acid levels are influenced by variety, climatic conditions, cultural practices, and the maturity of the grapes. The total (titratable) acidity is used during processing and finishing operations to standardize wines and to follow undesirable changes due to bacteria, yeasts, etc. The acids present in wines (tartaric, malic, citric, acetic, succinic, and lactic are common) are relatively weak organic acids. Thus when musts or wines are titrated with a strong base, the true end point will be greater than 7.0 on account of hydrolysis of the salts. Moreover, the total acidity, determined by potentiometric titration to the agreedon end point of pH 8.2 [1,2] seems to be low as well. Above all, the pH value at the end point, pH e , cannot be exactly of a unique value for all wines; it changes with acid composition and concentration [3] . The purpose of this study was to find out a precise, reproducible and quick method for determination of the total acidity of wine and to show the discrepancy between the real pH e and the normative value of 8.2 or even 7.0.
Introduction
The acid content of a wine is of importance from the standpoint of flavour and, indirectly, by its effects on pH, colour, stability, and shelflife of the product. The acid levels are influenced by variety, climatic conditions, cultural practices, and the maturity of the grapes. The total (titratable) acidity is used during processing and finishing operations to standardize wines and to follow undesirable changes due to bacteria, yeasts, etc. The acids present in wines (tartaric, malic, citric, acetic, succinic, and lactic are common) are relatively weak organic acids. Thus when musts or wines are titrated with a strong base, the true end point will be greater than 7.0 on account of hydrolysis of the salts. Moreover, the total acidity, determined by potentiometric titration to the agreedon end point of pH 8.2 [1, 2] seems to be low as well. Above all, the pH value at the end point, pH e , cannot be exactly of a unique value for all wines; it changes with acid composition and concentration [3] . The purpose of this study was to find out a precise, reproducible and quick method for determination of the total acidity of wine and to show the discrepancy between the real pH e and the normative value of 8.2 or even 7.0.
Experimental

Sample preparation for analysis
Twenty samples of Slovenian wine (samples 1 to 8 were white and dry, samples 9 to 20 were white and medium dry, see Tabs. I and II) were just filtered (for density and refractive index measurements) or they were filtered and then CO 2 was removed (for potentiometric analysis) by rapid heating of the sample up to the boiling point (half a minute). After the gas has been removed the sample was cooled quickly to 298 K.
Density measurements
Density measurements were carried out using an A. Paar digital densimeter (model DMA 100) at a temperature of 298.15 ± 0.02 K. The densimeter was calibrated with water [4] and dry air [5] . The ethanol and ex t ract content wa s determined by procedures given in the literature [6] and [7] .
Refractive index measurements
Refractive indices were measured at 298.15 ± 0.05K with a Carl Zeiss Abbé refractometer (32-G 110e) with a precision of 1 · 10 -4 at a wavelength of 589 nm.
pH measurements
p H values of the wines themselve s , as well as ch a n ge s during potentiometric titration were recorded using a pHmeter (Radiometer, type PHM250 Ion Analyzer) with a glass combined electrode (Radiometer, type C2401-8). The pHmeter was standardized with four IUPAC standard buffers (pH range from 3 to 10, [8] ).
Potentiometric titration
Po t e n t i o m e t ric titrations of wine samples with a standard solution of sodium hy d roxide (c = 0.1 mol dm -3
) we re perfo rmed in three parallel determ i n ations in a titration vessel at 298.15 ± 0.05 K by means of a digital bu rette (accura cy ± 0.01 cm 3 ). To reduce the concentration of ethanol and accord i n g ly its influence on solvent and solute pro p e rties (e. g. ch a n ges in their activity coeffi c i e n t s ) , an aliquot of 5 c m 3 o f wine sample was diluted with 100 cm 3 of boiled (and cooled) d e i o n i zed water for each potentiometric titration.
Results and discussion
S eve ral methods can be used to determine the end point of a potentiometric titration. One pro blem with using derivatives [9] to find the end point is that titration data are most difficult to obtain close to the end point, because buffering is minimal and electrode response is sluggish. A Gran plot [10, 11] is a graphical method that allows us the use of data from before (or after) the end point to localize the end point. Moreover, the titration curve need not be symmetric about the equivalence point.
A volume V of acid is titrated with a volume v of a strong base of concentration B in the galvanic cell the electromotive force of which is determined by means of a pH-meter; such a potential difference is given by (2) where E ′ o includes the potential of the reversible and reference electrode, E j is the liquid junction potential, R is the gas constant, F the Faraday constant, T the absolute temperature, [H + ] the molarity of free hydrogen ions and γ H + the activity coefficient of hydrogen ions.
Because wine is a complex mixture of several weak acids, both mono and polyprotic ones, we used Gran's graphical method of end point determination for the alkaline range, i.e. after the equivalence point, v e . In this range, v ≥ v e and the concentration of hydrogen ions is given by the relation (3) where K w is the ionic product of water. Taking into account the re l ation for the activity of hy d rogen ions,
If pH is measured directly, we may make use of a function defined as (5) Instead of pH the potential E can be determined and, taking into account relations (2) and (3), it follows (6) and we may use a similar function defined by .
If γ H , E j and K w remain constant throughout the titration, then from equations (5) and (7) figure 1 . Similar titration curves and Gran's plots were found for all other wine samples. They are all comparable to the potentiometric titration curve and Gran's plot of a model mixture of aqueous solutions of some organic acids (Fig. 2) . All titration curves, the model and sample ones, were found to show only one inflection point because of the overlapping of several degrees of dissociation of organic acids. In the case of wine samples, indeed a small deviation from linearity near the equivalence point, v e can be observed (Fig. 1) . It may be due to different factors, e.g. contamination of the real sample with metal ions which form c o m p l exes with anions of acids, i n t e r fe rence of dissolve d carbon dioxide still present in wine sample, e t c. But the beauty of a Gran's plot is that only a few points are needed on the straight line at some distance away from the end point. However, a perfect linear fit of the theoretical curve to the experimental points (see Fig. 1 ) enables us to find the end point in the potentiometric titration of wine samples in a very simple way.
In tables I and II the data for the wine samples investigated are presented. On the basis of the experimental results shown in table I, it is evident that the density of these wine samples is about 1 g cm -3 , a value that is characteristic for d ry wines [12] . More ove r, the lower values of re f ra c t ive i n d ex for samples from 1 to 8 and the higher ones fo r samples from 9 to 20 indicate corresponding sugar contents, i.e. they confirm the samples are dry and medium dry, res-
Original articles (-) electrode reversible to titration reference (+) (1) hydrogen ions solution half -cell . p e c t ive ly. The ex t ract value fo l l ows the sugar content in wine samples, although in general, the major components in the extract of dry wines are glycerol and organic acids. The buffer capacities, presented in table II, were calculated on the basis of potentiometric data, i.e. from polynomial dependence (second degree polynomial) of volume of strong base, v ( c m 3 ) on pH of diluted sample. Buffer capacity wa s expressed as the number of millimoles of strong base per litter needed to produce a unit change in pH and can be seen to vary due to the season, location and cultivar.
On the basis of the data in Table II one can conclude that the total acidity of wine, that measures free H + plus any u n d i s s o c i ated acids that can be neutra l i zed by base, c, i s significantly higher if it is determined on the basis of the true end point, pH e (which obviously varies with samples) than the total acidity, determined on the basis of the proposed end point pH 8.2. The maximum difference, (c -c*) is 0.0208 mol dm -3 which is by no means negligible.
The method we used for titratable acidity determination of wine samples (it can be also be applied to juice or must) was found to be quite simple, reliable and accurate enough (δc = 15 × 10 -5 mol dm -3 ) for use in research and routine wine analysis. Namely, G ran's plots are quicker than the conventional plots because fewer data points are required, and because electrode response is ge n e ra l ly fast at the c o n c e n t rations needed for ex t rap o l ation of measure m e n t s . The calculations are quick and easy. Finally, the end points obtained by a linear G ran's ex t rap o l ation are mu ch more precise than those obtained by the differential method, especially if the titration curve is not symmetrical, as it is exactly the case for wine samples.
